Please amend the specification (all paragraphs) as follows: 

METHOD OF MANUFACTURING FLASH MEMORIES OF A 
SEMICONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

Th e pr e s e nt inv e ntion r e lat e s to a m e thod of manufacturing a s e miconductor 
d e vic e , and more particularly, to a A method of manufacturing a semiconductor 
device s is disclosed which can inhibit prohibit g e n e ration of a TED (transient 
enhanced diffusion) ph e nom e non of a dopant implanted into the bottom structure and 
which can also limit pr e v e nt degradation of the oxide film quality at the upper side 
due to outgasing^ that can occur during in a subs e qu e nt the annealing proc e ss after an 
the ion implantation process is implemented. 
Discussion Background of the Related Art 

In ord e r to the manufacture the of semiconductor devices, it is r e quired that the 
ion implantation processes* as w e ll as th e deposition processes and the etching 
process es are all used b e nec e ssarily impl e m e nt e d . 

In g e n e ral, in ord e r to the manufacture the flash memory devices or the 
transistors, a well region is formed by means of the an ion implantation process. An 
ion implantation layer for controlling the threshold voltage is then formed at a given 
depth of the well. Next, before a pad nitride film is formed, a tunnel oxide film and a 
first polysilicon layer for forming a floating gate is formed and is then patterned. 

Thereafter, a semiconductor substrat e b e tween th e first polysilicon layers the 
structure is etched to form a trench. A wall sacrificial oxidation process and a well 
oxidation process are then sequentially implemented to form an isolation film by 
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means of a SA-STI (self-aligned shallow trench isolation) method for electrically 
isolating the devices. 

In the above process , in case of a date flash memory device using an nMOS 
transistor as a cell, boron (B) is implanted to form an ion implantation layer for 
adjusting the threshold voltage. At this time, as the cell is programmed and erased in 
a sector program/erase mode of 512_byte unit in of the date flash device, it is required 
that the threshold voltages of the cells need to be uniform within the unit cell block. 

Of th e m, as th e dat e flash of th e flash devic e s e mploys a modo When using FN 
(Fowler-Nordheim) tunneling and not HCE (hot carrier effect) as a program mode, 
distribution of a the dopant implant e d in order to control the threshold voltage 
becomes an important paramete r unlik e from th e cod e flash in which formation of th e 
d e pl e tion region is important . For this reason, it is r e quir e d important that the 
distribution of the ion implantation layer be not be changed e v e n in a by the 
subsequent annealing process within th e e ff e ctiv e chann e l l e ngth, than so that the 
operation speed d e p e nding on th e driving voltag e is can be increased by th e ion 
implantation lay e r for controlling the threshold voltage. 

If the isolation film is formed by the SA-STI method, however, a transient 
enhanced diffusion (TED) of the dopant occurs at during the high temperature 
oxidization process, which changes the threshold voltage of the device. Furthermore, 
if a large quantities of dopant of a large mass is are implanted in order to adjust the 
threshold voltage of the device, fail may happen by m e ans of RDG (remained dopant 
gettering) that may occur due to the large quantities of dopant used of th e larg e mass . 
RDG can cause device failure. Therefore, in order to minimize damage caused by ion 
implantation, high temperature annealing must be implemented as a subsequent 



process . For this reason, tho dopant of th e larg e mass could not which limits the 
amount of dopant that can be used as an ion for controlling to control the threshold 
voltage. 

In addition, in the case of BF 2 being a dopant that has b ee n which is widely 
used in order to form a as a dopant when forming shallow effective channel region of 
a surface channels, dopant loss occurs due to outgasing caused by a the subsequent 
annealing process. In particular, in the cell n e c e ssarily requiring th e high t e mperature 
process, fluorine-induced (T-induced) F induc e d outgasing during annealing is 
inevitable due to maximiz e d outgasing the large quantities of fluorine ( F) present and 
its tendancy to be outgassed . Du e to this, th e r e is a problem that the film quality of 
As a result, the oxide film quality is degraded. 

SUMMARY OF THE DISCLOSURE INVENTION 

Accordingly, th e pr e s e nt inv e ntion is contrived to substantially obviat e on e or 
mor e probl e ms du e to limitations and disadvantages of tho related art. 

An obj e ct of the pr e s e nt inv e ntion is to provid e a method of manufacturing 
semiconductor devices is disclosed which is capable of prohibiting by maximum 
g e n e ration of a limiting TED (transient enhanced diffusion) ph e nom e non of a the 
dopant and preventing degradation of the oxide film quality due to outgasing , in an 
during annealing proc e ss for thereby mitigating damage or defects caused by ion 
implantation . In the disclosed process, in a mann e r that an a mono atomic dopant 
having a large atomic weight and made of monoatomic is implanted to form an ion 
implantation layer, instead of using a dopant of a low small atomic weight such as B 
or a low molecular weight ion such as a BF2 which has been usually employed, in 
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cas e that when the ion implantation layer is formed in ord e r to control the threshold 
voltage of the semiconductor device. 

Additional advantag e s, obj e cts, and featur e s of th e inv e ntion will b e s e t forth 
in part in th e d e scription which follows and in part will becom e appar e nt to thos e 
having ordinary skill in th e art upon e xamination of the following or may b e l e arn e d 
from practic e of th e inv e ntion. Th e objectiv e s and oth e r advantages of th e inv e ntion 
may b e r e aliz e d and attain e d by the structure particularly pointed out in th e written 
d e scription and claims h e r e of as w e ll as th e app e nd e d drawings. 

To achieve these objects and oth e r advantag e s and in accordanc e with th e 
purpos e of th e inv e ntion, as e mbodi e d and broadly d e scrib e d h e r e in, a 

A method of manufacturing semiconductor devices according to th e pr e s e nt 
inv e ntion is charact e riz e d in that it this disclosure comprises th e steps of providing a 
semiconductor substrate for which given processes for forming the semiconductor 
device a?e have been implemented, and implanting a 3 balance Group III monatomic 
dopant having a higher atomic weight than boron and mad e of monoatomic at a given 
depth of the semiconductor substrate by means of an ion implantation process, thus 
forming an ion implantation layer. 

In the above process , the dopant may be implanted wkh as a screen oxide film 
js formed. 

The ion implantation process includes implanting a the dopant at a 
concentration range of 5E11 - 1E13 5 x 10 11 ~ 5 x 10 13 ion/cm 2 with an energy range 
ofl0~50KeV. The dopant may be indium. Further, the ion implantation process 
may include implanting the dopant at a tilt angle of 3 ~ 13°. 



Furthermore, a rapid thermal process may be implemented in order to activate 
the dopant after the ion implantation layer is formed. At this time, the rapid thermal 
process may be implemented at a temperature range of 800 - 1 100°C at th e ratio a 
heating rate range of 20 ~ 50°C/sec for time period range of 5 ~ 30 seconds. Also, the 
raid rapid thermal process may be implemented under a nitrogen atmosphere. 

In anoth e r asp e ct of th e pr e sent invention, it is to b e understood that both tho 
for e going g e neral d e scription and th e following d e tail e d d e scription of th e pres e nt 
invention ar e e x e mplary and e xplanatory and ar e intend e d to provid e furth e r 
e xplanation of th e inv e ntion as claim e d. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other obj e cts, features and advantages of the pr e s e nt invention 
disclosed process will be apparent from the following detailed description of the 
preferred embodiments of the invention in conjunction with the accompanying 
drawings, in which wherein : 

FIG. 1A — FIG. IE are cross-sectional views of semiconductor devices for 
explaining a method of manufacturing the device according to a preferred 
embodiment of th e pres e nt inv e ntion . 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

R e f e rence will now b e mad e in d e tail to th e pr e f e rred e mbodim e nts of the 
pr e s e nt invention, e xamples of which ar e illustrated in the accompanying drawings, in 
which lik e ref e r e nc e num e rals ar e used to id e ntify the sam e or similar parts. 
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FIG. 1 A - FIG. IE are cross-sectional views of semiconductor devices for 
explaining a method of manufacturing the semiconductor device according to a 
preferred embodiment of th e pr e s e nt inv e ntion . 

Referring to FIG. 1 A, a screen oxide film 102 is formed on a semiconductor 
substrate 101 as a sacrificial oxide film for crystal defect prohibition or surface 
treatment of the surface of the semiconductor substrate 101. The screen oxide film 
102 also serves to prohibit inter-diffusion by channeling of the dopant that occurs in 
the ion implantation process for forming the wells. In th e abov e Fig. 1A, the screen 
oxide film 102 is formed m using a dry or wet oxidization mode at a temperature 
range of 750 ~ 800°C and is formed m with a thickness range of 70 ~ lOOA. 

Meanwhile, a cleaning process may be implemented before the screen oxide 
film 102 is formed. At this time, the cleaning process may be implemented by 
sequentially using hydrofluoric acid (DHF) where H 2 0:HF are mixed in fee a ratio of 
50:1 ~ 100:1 and with a SC-1(NH40H/H 2 02/H 2 0) solution, or sequentially using a 
BOE (buffered oxide etchant) in which a solution where NH4F:HF is mixed in the a 
ratio range of 4:1 - 7:1 mid is diluted into with H 2 0 in th e to the ratio range of 1 :100 
~ 1 :300 aad in combination with the SC-1(NH40H/H 2 0 2 /H 2 0) solution. 

Referring to FIG. IB, a triple n well 103 is formed on a region where an n 
channel will be formed by means of the ion implantation process. A p well 104 is 
consecutively formed in depth shallower than the triple n well 103. In th e abov e , th e 
The triple n well 103 may be formed by implanting P at a concentration range of 5E12 
■ 5E13 5x 10 12 ~5x 10 13 ion/cm 2 and with an energy range of 500 ~ 2000KeV. The 
p well 104 may be formed by implanting B at a concentration range of 1E12 - 5E13 1 
x 10 12 - 5 x 10 13 ion/cm 2 and with an energy range of 200 ~ lOOOKeV. Meanwhile, 



an n well (not shown) is formed in another region where a p channel device is to be 
formed. The n well may be formed by implanting P at a concentration range of 1E12 
■ 5E13 1 x 10 12 ~5x 10 13 ion/cm 2 with an energy range of 200 ~ 1 OOOKeV. In the 
above procedure , it is preferred that the ion implantation process for forming the p 
well is implemented at a tilt angle range of 3 - 13°for the purpose of prohibiting or 
limiting dopant channeling. 

By reference to FIG. 1C, an ion implantation layer 105 for controlling the 
threshold voltage is formed at a given depth of the p well 104 by means of the ion 
implantation process in order to control the threshold voltage of the semiconductor 
device that will be formed in on the semiconductor substrate 101 in a subs e qu e nt 
process . In th e abov e , th e The ion implantation layer 105 is formed by implanting a 
monoatomic dopant having a high atomic weight and mad e of monoatomic , instead of 
using a dopant having a low atomic weight such as B and or a low molecular weight 
dopant ie» such as BF 2 as a dopant that was conv e ntionally us e d taught by the prior 
art . For example, the ion implantation layer 105 may be formed by implanting 3- 
balanc e Group III dopant having a higher atomic weight than boron and mad e of 
preferably monoatomic, such as pr e f e rably indium although other Group III dopants 
could be utilized . At this time, the ion implantation process may be implemented 

using a dopant concentration range of 5EU 1E13 5 x 10 11 - 1 x 10 13 ion/cm 2 with 

an energy range of 10 - 50KeV. Meanwhile, like the ion implantation process for 
forming the p and/or n wells, even when the ion implantation process for controlling 
the threshold voltage is implemented, it is preferred that ion implantation is 
implemented at a tilt angle range of 3 — 13° in order to prohibit limit dopant 
channeling of the channel region in a date flash device using a buried channel. 



Immediately after the ion implantation layer 105 for controlling the threshold 
voltage is formed, an annealing process capable of minimizing exposure at high 
temperature such as RTP (rapid thermal process) is implemented in order to maximize 
dopant activation. Only activation of the dopant may be maximized while preventing 
unnecessary rediffusion of the dopant. At this time, the annealing process may be 
implemented at a temperature range of 800 ~ 1 100°C for a time period range of 5 ~ 30 
seconds in th e at a heating rate range of 20 ~ 50°C /sec. Further, the annealing 
process may be implemented under a nitrogen atmosphere in order to prevent 
formation of a native oxide film. 

Referring to FIG. ID, after the screen oxide film (102 in FIG. 1C) is removed, 
a gate oxide film (tunnel oxide film 106 in case of the flash devices), a conductive 
material layer 107 and a pad nitride film 108 are sequentially formed. 

In the above, the screen oxide film (102 in FIG. 1C) is removed by a cleaning 
process sequentially using hydrofluoric acid (DHF) wh e r e with a H 2 0:HF is mixed in 
the ratio of 50:1 ~ 100:1 and SC-1(NH40H/H 2 02/H 2 0) solution. 

Thereafter, the gate oxide film 106 is formed by a wet oxidization process at a 
temperature range of 750 ~- 800°C. The gate oxide film 106 is then annealed under 
nitrogen atmosphere at a temperature range of 900 ~ 910°C for a time period range of 
20 ~ 30minutes in order to minimize an interface defect of the semiconductor 
substrate 101 and the gate oxide film 106. 

Meanwhile, the conductive material layer 107 may be formed by depositing a 
doped polysilicon layer the grain size of which is minimized, by means of a LP-CVD 
(low pressure chemical vapor deposition) method using SiFU or Si2H 6 and PH 3 gas at a 
temperature range of 580 - 620°C under a low pressure range of 0. 1 — 3 Torr. At this 
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time, the impurity (P) concentration of the doped polysilicon layer is controlled to be 
a l o v o l a concentration range of 1.5E20 — 3.0E20 1 .5 x 10 20 ~ 3.0 x 10 20 atoms/cc and 
the doped polysilicon layer is formed in thickness range of 250 ~ 500A. 

The pad nitride film 108 formed on the conductive material layer 107 may be 
formed in thickness range of 900 ~ 2000A by means of a the LP-CVD method. 

Referring to FIG. IE, the pad nitride film 108, the conductive material layer 
107 and the gate oxide film 106 in the isolation region are sequentially removed by 
means of an etch process, thus exposing the semiconductor substrate 101 in the 
isolation region. Next, the exposed semiconductor substrate 101 in the isolation 
region is etched by a given depth to form a trench 109. The trench 109 is then buried 
with an insulating material (not shown) to form an isolation film (not shown) of a STI 
(shallow trench isolation) structure (also not shown) . In the above, a high density 
plasma (HDP) oxide film may be used as the insulating material. At this time, the 
high density plasma (HDP) oxide film is formed in thickness range of 4000 ~ 10000A 
on the entire structure so that the trench 109 is completely buried while preventing 
generating of void spaces . 

Although not shown in the drawings, a chemical mechanical polishing process 
as a subsequent process is continuously impl e ment e d carried out so that the insulating 
material remains only up to a target height rather than the surface of the 
semiconductor substrate 101 while removing the insulating material on the pad nitride 
film 108. Next, after a wet cleaning process using diluted HF is implemented, a 
conductive material sam e to like the conductive material 107 is formed in thickness 
range of 400 ~ 1000 A. A common process of manufacturing the a flash memory cell 
is implemented to complete the fabrication of the flash memory cell. 
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As described above, the pr e s e nt invention disclosed methods have has the 
following benefits e ff e cts through th e method of manufacturing th e semiconductor 
d e vic e s : 

First, in the memory cell of th e dat e a flash device in which the isolation film 
of the STI structure requiring frequ e nt one or more high temperature processes must 
b e form e d , the use of a mono atomic dopant having a high atomic weight and made of 
monoatomic is implanted to form an ion implantation layer for controlling the 
threshold voltage. Therefore, the flash device could can be fabricated while 
minimizing the TED phenomenon. 

Second, the uniformity of the threshold voltage could can be secured within 
the target range while minimizing the TED phenomenon. Therefore, program/erase 
operation characteristics of a cell block unit could can be improved in the resulting 
flash memory device. 

Third, after the ion implantation layer is formed, there is no outgasing in the 
cours e of impl e m e nting a subsequent annealing process. It is thus possible to prevent 
degradation of the film quality of the gate oxide film. 

Fourth, it is possible to form the a gate oxide film of a high quality by 
preventing degradation of the film quality of the gate oxide film caused by the ion 
implantation processes . Accordingly, it is possible to improve the electrical 
characteristics and reliability of the date flash memory device using FN tunneling. 

Fifth, as dopant damage du e to out caused by diffusion is minimized, it is 
possible to control the threshold voltage with a minimum amount of ion implantation. 
Furthermore, as generation of ion implantation damage within the channel region is 
prohibited limited , it is possible to minimize generation of the leakage current. 
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